Objective: To validate intakes of protein, folic acid, retinol and n-3 fatty acids estimated from a food-frequency questionnaire in week 25 of pregnancy . Design: Validation was done against a 7-day weighed food diary (FD) and biomarkers of the nutrients in gestation week 32-38. Subjects and setting: The FFQ-25 to be validated was used in the Danish National Birth Cohort comprising 101 042 pregnant Danish women, of whom 88 participated in the present validation study. Results: Estimated intakes of protein, retinol and folic acid did not differ significantly between the two dietary methods, but intake of n-3 fatty acids was one third larger when estimated from the FFQ-25. The intakes estimated from the two dietary methods were all significantly correlated, ranging from 0.20 for retinol intake to 0.57 for folic acid intake. Sensitivities of being correctly classified into low and high quintiles were between 0.22 and 0.77, and specificities were between 0.62 and 0.89. Urinary protein content did not correlate significantly with protein estimated from the FFQ (r ¼ 0.17, P . 0.05), but did with intake estimated from the FD (r ¼ 0.56, P , 0.0001). Erythrocyte folate correlated significantly with the estimated total intake from the FFQ (r ¼ 0.55, P , 0.0001) and the FD (r ¼ 0.52, P , 0.0001). No correlations with plasma retinol were found. Erythrocyte eicosapentaenoic acid (C20:5n2 3) correlated significantly with n-3 fatty acids intake estimated from both the FFQ-25 (r ¼ 0.37, P , 0.001) and the FD (r ¼ 0.62, P , 0.0001). Conclusion: The FFQ-25 gives reasonable valid estimates of protein, retinol and folic acid intakes, but seems to overestimate intake of n-3 fatty acids. A number of hypotheses on the influence of maternal diet during pregnancy on health have been suggested during the last two decades. In Denmark, data on the dietary intake of pregnant women have been collected on a large scale in the Danish National Birth Cohort (DNBC), which is a prospective pregnancy cohort with national coverage 1 . In gestation week 25, a 360-item food-frequency questionnaire (FFQ-25) was mailed to all cohort members. To enable sensible use of these dietary data for aetiological analyses, however, we need information on the validity of the collected dietary information. The questionnaire is a modified version of the food-frequency questionnaire (FFQ) developed at the Danish Cancer Registry 2 , which was validated in a population of 40-64-year-old men and women 3 and young non-pregnant women 4 . Since diet during pregnancy could be different and since pregnant women might be more aware of their dietary habits, it is important to validate the questionnaire in this particular population and describe the degree of misclassification.
A number of hypotheses on the influence of maternal diet during pregnancy on health have been suggested during the last two decades. In Denmark, data on the dietary intake of pregnant women have been collected on a large scale in the Danish National Birth Cohort (DNBC), which is a prospective pregnancy cohort with national coverage 1 . In gestation week 25, a 360-item food-frequency questionnaire (FFQ-25) was mailed to all cohort members. To enable sensible use of these dietary data for aetiological analyses, however, we need information on the validity of the collected dietary information. The questionnaire is a modified version of the food-frequency questionnaire (FFQ) developed at the Danish Cancer Registry 2 , which was validated in a population of 40-64-year-old men and women 3 and young non-pregnant women 4 . Since diet during pregnancy could be different and since pregnant women might be more aware of their dietary habits, it is important to validate the questionnaire in this particular population and describe the degree of misclassification.
Hypotheses initially motivating the set-up of the cohort included those regarding the potential influences of protein 5 -8 , vitamin A 9, 10 , folic acid 11, 12 and n-3 fatty acids 13, 14 consumed in pregnancy on pregnancy outcomes and various measures of offspring health. In the current paper we present results from a validation study pertaining to these nutrients. Intakes of protein, retinol, folic acid and marine n-3 fatty acids estimated from the FFQ-25 used in the DNBC were compared with intakes estimated from a 7-day weighed food diary (FD) and with biomarkers of the nutrients.
Materials and methods

Danish National Birth Cohort
The DNBC has recruited 101 047 women in early pregnancy for long-term follow-up. The cohort is described in detail elsewhere 1 . In the present study dietary information was collected by means of a 360-item semi-quantitative FFQ mailed in gestation week , covering the woman's diet during the last 4 weeks. For items such as apples, glasses of beverage, etc., the women were asked about intake of natural units. For items with no natural units such as lasagne, corn, etc., the women were asked about frequency of intake. The frequency intervals ranged from no times during the past 4 weeks to more than 8 times a day. Open questions were asked about fats on bread and in cooking, salad dressings and dietary supplements. To estimate nutrient intakes, standard portion sizes and standard recipes have been developed. The frequency categories were calculated into times per day by using the midpoint (e.g. '1 -2 times per week' was used in the calculations as 1.5 times per week/7 days per week). The software program FoodCalc, which is freely available on the Internet (www.foodcalc.dk), was used to assess daily intakes of nutrients. Intake of dietary supplements is very common among pregnant Danish women, especially multivitamins, which contain retinol and folic acid. Intake of dietary supplements was coded according to brand name. Information on the content of vitamins and minerals in the legal products was obtained from the Danish Veterinary and Food Administration, the Danish Medicines Agency and from producers of dietary supplements. If the woman took more than one product with the same vitamin, the total intake from all dietary supplements was calculated. The total retinol intake in mg was calculated as the sum of the estimated dietary intake and the intake from dietary supplements for both the FFQ-25 and the FD. Folic acid in dietary supplements is better absorbed than dietary folic acid 15 ; therefore the use of dietary folate equivalents (DFE) is recommended. Unfortunately, a number of calculation methods are reported; one study 15 suggests multiplying the folic acid amount in supplements by 1.7 while another 16 suggests multiplying by 2. In the present study we decided to multiply the intake from dietary supplements by 2, i.e. 1 mg folic acid from a dietary supplement is equal to 2 mg DFE.
Validation study A validation study of women who had completed the FFQ was carried out in gestation week 32 -38, i.e. 2-3 months after completion of the FFQ-25. The validation study included a 7-day consecutive weighed FD, one 24-h urine collection and fasting blood samples. A weighed 7-day FD was chosen as the reference method because this method has fewest errors correlated with the FFQ 17 . The women received oral and written guidance on how to complete the food diary and the urine collection and a scale was provided for each woman. All questionnaires were checked upon receipt. FoodCalc and the Danish food tables and individual portion sizes and recipes were used to calculate nutrient intakes when possible, otherwise standard portion sizes and new recipes that matched the description of the food were used. We made 615 new standard recipes and 475 individual recipes (on average, 5.4 (range 0-14) individual recipes per woman). Many of the new standard recipes were new products on the market not included in the Danish food tables. The individual recipes were the women's recipes whose ingredients were weighed or natural units stated (e.g. 1 egg).
Biomarkers
Biomarkers of intake of the four nutrients investigated were assessed in fasting blood samples and 24-h urine samples.
Protein
Urinary nitrogen excretion was measured using an NA 1500 instrument (Carlo Erba Strumentazione, Milan, Italy). It was decided not to give the women p-aminobenzoic acid (PABA) for the following reasons: (1) it could negatively affect the participation rate, because the pregnant women might be afraid to consume a drug; (2) there is no convincing evidence that it is not dangerous for the foetus; and (3) animal studies 18 and an in vitro human study 19 have shown that PABA can cross the placentathis would result in less PABA in the urine, and thus recovery would not be measured accurately. Eighteen women reported to have missed one or more toilet visits (20%), and one gave up sampling because of pelvic pains.
Vitamin A Retinol in plasma was quantified by high-performance liquid chromatography on a LaChrom system (MerckHitachi, Darmstadt, Germany).
Folic acid
Erythrocyte folic acid level was determined using the AutoDELFIATM Folate kit from Perkin -Elmer (Wallac OY, Finland).
n-3 Fatty acids
Erythrocyte eicosapentaenoic acid (EPA, C20:5n-3) was determined as a biomarker for n-3 fatty acids intake. Erythrocyte phospholipids were extracted from the haemolysate using chloroform -methanol (2:1 v/v), followed by acid transmethylation. Separation of fatty acids was achieved by gas-liquid chromatography on a capillary CP-WAX58 column (Chrompack BV, Middelburg, The Netherlands).
Subjects
Participants living in Odense, who were in gestation week 30-31 and had completed the FFQ-25, were invited by mail to participate in the validation study. They were recruited in groups every two weeks from March to September 2001. We invited 256 women, of whom 94 agreed to participate. Six women did not start or finish the records, thus in total 88 women completed the study. Urine was collected on day 7 of the dietary registration and fasting blood samples were taken the next morning. One woman did not complete the urine collection and another woman could not have a blood sample drawn.
Statistical analyses
The intakes estimated from both dietary methods for protein, retinol, folic acid and n -3 fatty acids were not normally distributed, but the log-transformed intakes were. The total intakes of retinol and folic acid were not normally distributed, while the biomarker levels were. Comparisons were also made for nutrient density to reduce variation due to individual differences in total energy.
Comparisons of the amount of nutrients estimated from the FFQ-25 and from the FD were made by paired t-tests. All correlations are Pearson correlation coefficients of the log-transformed intakes, except for correlations with total intakes of retinol and folic acid for which Spearman correlations were used. Intakes of nutrients from dietary supplements were not continuous; e.g. most women took 400 mg folic acid per day. All women were classified into quintiles according to their intakes of the four nutrients, estimated by both dietary methods. We calculated sensitivity and specificity of classifying the women correctly into the same and adjacent quintiles by the FFQ-25, with FD estimates as the gold standard. Furthermore, we assessed sensitivity and specificity of being correctly classified into the extreme quintiles. The mean 'true' value (estimated from the FD) in FFQ quintiles of intake was calculated, and the trend in true intake with FFQ quintiles was assessed using the PROC GLM procedure in SAS (SAS Institute, Cary, NC, USA), with quintile number as a continuous variable. Statistically significant differences between the mean of the lowest and the highest quintile were assessed using t-tests.
Results
Participants were slightly younger and more likely to be primiparous than the DNBC population in general (Table 1) . Apart from that, participants seemed to be reasonably representative with respect to pre-pregnancy weight, body mass index, height and smoking habit.
Estimated intakes
Estimated n-3 fatty acid intake, expressed both per day and per 100 MJ (density), was significantly higher when based on the FFQ (Table 2 ). Estimated intakes of other nutrients did not differ significantly between the dietary methods.
Correlations between the two dietary methods All correlations between the two dietary methods were significant ( Table 2 ). The weakest were seen for dietary retinol and n-3 fatty acids.
Quintiles of dietary intake
According to classification into quintiles of intake, between 56% (retinol in diet (mg), per day) and 84% (total folate intake (DFE), per 10 MJ) of subjects were classified in the same or adjacent quintile ( Table 2) .
The sensitivity of being correctly classified into the first, the two first, the highest and the two highest quintiles is presented in Table 3 . For instance, 35% of the participants who were 'truly' in quintile 1 of protein intake would be detected using the FFQ-25 estimates (sensitivity). Eightyfive per cent of participants who were 'truly' not in quintile 1 did not rank into quintile 1 based on the FFQ-25 (specificity).
Comparisons with biomarkers
The average values of biomarkers are shown in Table 4 . The protein content in one sample of 24-h urine was not correlated with protein intake estimated from the FFQ-25 in terms of g per day (r ¼ 0.17, P . 0.05) or per 10 MJ (r ¼ 0.20, P . 0.05), but was correlated with protein intake from the FD (average over the last week) in g per day (r ¼ 0.64, P , 0.0001) and per 10 MJ (r ¼ 0.40, P , 0.0001). Retinol intake estimated from the FFQ-25 or from the FD was not significantly correlated with plasma retinol. Total intake of folic acid was correlated with erythrocyte folic acid in both the FFQ-25 (r ¼ 0.55, P , 0.0001) and the FD (r ¼ 0.52, P , 0.0001). A weaker correlation was seen for estimated intake from the diet and a stronger correlation with intake from dietary supplements (data not shown). The estimated intake of n -3 fatty acids from both the FFQ-25 (r ¼ 0.37, P , 0.001) and the FD (r ¼ 0.62, P , 0.0001) was significantly correlated with erythrocyte EPA.
Mean estimated intakes based on FD and mean biomarker measurements according to quintiles of FFQ-based estimates
The ability of the FFQ-25 to calculate the 'true intake' (in the present paper, the intake estimated from the FD) was also examined by calculating the mean intake from the FD in each quintile of intake estimated from the FFQ-25 (Table 5) . Thus, a significantly lower 'true' mean intake was found in quintile 1 compared with quintile 5 for protein (g day
21
), total retinol intake (mg day 21 ), folate (DFE day 21 ) and n-3 fatty acids (g day 21 ), but not for folic acid (mg day 21 ), in the diet. The same was seen when adjusted to energy (data not shown). There was a significant trend of increasing mean 'true intake' with increasing quintile for all nutrients except Table 3 Comparisons between intakes estimated on the basis of the 360-item semi-quantitative food-frequency questionnaire at gestation week 25 and the 7-day weighed food diary † Sensitivities and specificities of being correctly classified into the first (Q1), the two lowest (Q1 þ Q2), the last (Q5) and the two highest quintiles (Q4 þ Q5) for the four nutrients.
n -3 fatty acid intake. When calculating mean level of the biomarkers in each quintile based on the FFQ, quintiles of total folic acid (DFE day 21 ), protein (g day 21 ) and n-3 fatty acids (g day 21 ) intake showed a significant trend of increasing mean biomarker level with increasing quintile (Table 5 ) and no trend in mean plasma retinol level with increasing quintile of retinol intake.
Discussion
The results of the present paper indicate that the intakes of protein, retinol and folic acid estimated from the FFQ-25 were reasonably valid estimates, but for n -3 fatty acids the intake estimated from the FFQ was one third larger than that estimated from the FD. Strengths of the study include that we had both food diaries and biomarkers to evaluate the validity. Moreover, we applied several different statistical methods to evaluate the associations, i.e. correlation coefficients between FFQ-25 nutrient estimates and both FD nutrient estimates and biomarker levels, average intake from the FD and biomarker level for each quintile classified from the FFQ-25, and sensitivity and specificity of being correctly classified into the first and the highest quintile compared with the FD. A weakness was that the FD, for practical reasons, was administered 2-3 months after the FFQ-25, with the FFQ-25 covering 4 weeks retrospectively and the FD covering 1 week prospectively. We therefore expect to have underestimated the degree of validity in the present study.
The different ways of expressing validity of protein intake all indicated that the protein intake estimated from the FFQ-25 is valid. Correlation between the two dietary methods was within the expected range (r ¼ 0.44, P , 0.0001); others have found weaker correlations 3,4,20 -24 and higher correlations among women 25 -29 . The intake estimated from the FFQ-25 did not correlate with protein excretion (Table 4 ) but one 24-h urine sample is a short-term biomarker of intake; therefore protein excretion was expected to correlate with FD estimates of intake, if valid. A highly significant correlation of 0.64 was found between intake estimated from the FD and the biomarker level, which is higher than the correlation found in another study 24 . This may be due to the overlapping periods of time. Others have found a significant correlation of protein estimated from (1) 0.20 (1) 0.64*** (1) 0.40*** (1) Plasma retinol mg/ml 0.42^0.10 20.03 (2) 20.04 (2) 20.008 (2) 0.04 (2) Erythrocyte folic acid 708^227 0.55*** (3) 0.58***
0.52*** (3) 0.54***
Erythrocyte EPA 0.51^0.19 0.37** (4) 0.36** (4) 0.62*** (4) 0.60*** (4) EPA -eicosapentaenoic acid; DFE -dietary folate equivalents. Significance: **, P , 0.01; ***, P , 0.0001. † Mean^standard deviation of biomarket measurements. ‡ Spearman correlation coefficients.
(1) Protein g; (2) Total retinol mg; (3) Total folic acid DFE; (4) n-3 fatty acids g Table 5 Level of daily intake of the four nutrients estimated from the 7-day weighed food diary (FD) and corresponding measurements of biomarkers according to quintiles defined by intakes estimated from the 360-item semi-quantitative food-frequency questionnaire at gestation week Level in quintiles on the basis of the FFQ-25 an FFQ with urinary nitrogen 24,25,27,30 -32 , but they used more than one 24-h urine sample collected during the year covered by the FFQ. The FFQ-25 covered a different period of time than the biomarker and may estimate the protein intake well, but this cannot be assessed on an individual level by one urinary sample from each participant. Classification in the same or adjacent quintile by the two dietary methods was similar to 68% found among young Danish women 4 and higher than 59% found in Danish women aged 40-64 years 3 . When the women were classified into quintiles of protein intake estimated from the FFQ-25, we observed a significant increasing trend in 'true' intake (estimated from the FD) and a significant trend of increasing urinary nitrogen with increasing quintile.
The correlation between retinol intake estimated from the two dietary methods was modest but significant, and within the range found by others; both lower correlations 26 and higher correlations 4, 22 have been reported. The sensitivity of being classified in the lowest quintile was low, but it seems that the FFQ-25 is capable of separating women into quintiles of retinol intake. The 'true' mean intake (from the FD) was significantly higher in quintile 5 compared with quintile 1 and there was a significant trend. Thus it seems that even though the correlation was weak, the questionnaire is able to separate low retinol consumers from high consumers. Total intake did not differ between the two dietary methods. The correlation was stronger and sensitivity was higher than for dietary intake alone. The information on retinol in dietary supplements is better defined than the content of the diet; therefore it is crucial to register dietary supplement use by brand name in epidemiological studies. There was no correlation between total intake and plasma retinol. This was not surprising because plasma retinol is believed to be useful as an indicator of intake only at low intake level 33 . In populations with higher intake, retinyl esters reflect intake. We tried to measure these, but the results were much higher than those found in the literature, about 40 times, and so were not reliable.
Folic acid intake estimated by the two dietary methods did not differ, except for folic acid from the unadjusted intake. Significant correlations between 0.35 and 0.57 were found by comparison of the two dietary methods, and the highest correlations were found for folic acid from dietary supplements and energy-adjusted total intake. This was slightly lower than the correlations found among non-pregnant Danish women 4 , but similar to the findings among pregnant Finnish women 22 . Sensitivity and specificity of correct classification into the first quintile were high for energy-adjusted intake of the nutrient. The highest sensitivity found in the present study was for total folic acid intake per 10 MJ, for which 77% of subjects were classified correctly into the two lowest quintiles and 74% into the two highest quintiles.
There was a significant trend of higher folic acid intake estimated from the FD for persons in each quintile than from the FFQ-25. Quintile 1 was nearly different from quintile 5 for folic acid from the diet, but for the biologically more interesting total intake, the difference was markedly different (P , 0.0001); the 'true' intake in the fifth quintile was almost twice as large as for the first quintile. Total folic acid intake was significantly correlated with erythrocyte folic acid level. The correlation coefficients were of the same size for both dietary methods, thus they seem to have equivalent validity. Erythrocyte folic acid is a long-term biomarker of intake, and this biomarker was expected to reflect intake estimated from the FFQ-25, which was completed 2-3 months before the blood sample was taken. There was a significant trend in erythrocyte folic acid level in each quintile of intake and quintile 1 was significantly different from quintile 5. As described for retinol, it is crucial to take into account intake of dietary supplements. These are very popular especially among pregnant women.
Intake of n-3 fatty acids was one third larger when estimated from the FFQ-25 than when estimated from the FD. The estimates were weak but significantly correlated between the two dietary methods, and both estimates of n-3 fatty acid intakes were significantly correlated with the erythrocyte EPA content. Others have also found a significant correlation between erythrocyte level and intake estimated from an FFQ 34 . Estimation of sensitivity showed that the questionnaire seems capable of classifying the participants into the two lowest quintiles. There was a significant increasing trend in erythrocyte EPA content with increasing quintile of intake estimated from the FFQ-25. Women in quintile 1 of intake estimated from the FFQ-25 had significantly lower erythrocyte EPA content than women in the 5th quintile, but there was no difference in 'true' intake. There are several reasons that could explain the low correlation between the two dietary methods. Fish are rarely eaten by pregnant Danish women; of the 88 women in the present study, 64 (73%) answered in the FFQ-25 that fish was eaten less than once a week as hot meals and 45% consumed fish on bread less than once a week. Therefore women who did not consume their monthly fish in the recording week will have underestimated their average daily fish intake, and women who did eat their monthly fish in the recording week will have an overestimated daily average intake by the FD. Another explanation could be that the standard portion sizes used to estimate fish intake from the FFQ-25 were too large for Danish women. In the future these problems will be investigated.
Implications
The estimated sensitivities and specificities may have an applicability in future aetiological studies based on the DNBC that address relationships between disease phenomena on the one hand and the nutrients examined in the present study on the other. Relatively simple methods for correcting relative risks for exposure misclassification in a 2 £ 2 table have been developed 35 . However, such corrected estimates should be used with great caution because the models rely on assumptions which may not always hold, particularly that that there is no misclassification of disease status and that the sensitivity and specificity are equal in the groups with and without the disease (i.e. non-differential misclassification).
The sensitivity for being correctly classified into the lowest, the two lowest, the highest and the two highest quintiles with FD estimates as the gold standard was lowest for retinol and n -3 fatty acid intakes, and particularly for these nutrients one should consider to use intake below the second quintile as the exposure.
Conclusion
Comparison with weighed FD and biomarkers showed that the FFQ-25 administered to 100 000 Danish women gives reasonably valid estimated intakes of protein, retinol and folic acid, especially when the women are classified into high and low consumers of the nutrients. Estimated intake of n -3 fatty acids seems to be overestimated by the FFQ-25. Future work will compare standard portion sizes with the individual portion sizes for fish in the weighed FD.
